This study aims to evaluate the influence of solvent acids and glycerol as plasticizer on the antimicrobial and physical properties of chitosan films. Three types of acids were used in the same concentration, e.g. 1% acetic acid, 1% citric acid and 1% lactic acid whereas glycerol was fixed on 10% (w/w). In terms of barrier properties, chitosan film obtained by citric acid as solvent showed the lowest water vapour transmission rate (WVTR) followed by chitosan film prepared with lactic acid and acetic acid. Concerning mechanical properties, chitosan film prepared with acetic acid exhibited the highest tensile strength and the lowest percentage elongation. The expected result was obtained where plasticized chitosan films had higher percentage elongation than the unplasticized one. In this study, disc and well diffusion method were used against bacteria, yeast and fungi to characterize antimicrobial activity of the obtained films. When the disc diffusion method was used, all of chitosan films showed an inhibition activity against E. coli, B. cereus and S. aureus whereas no inhibition against Penicillium sp. and Candida sp except chitosan film prepared with acetic acid that showed inhibition against Candida sp. The same result was observed by using well diffusion method with the exception of chitosan solutions prepared with acetic acid solution where they also showed inhibition activity against Penicillium sp. and Candida sp.
Introduction
Due to environment concerns, natural polymer has gained greater attention due to its green factor with comparable strength to petroleum-based polymer. Chitosan is a β-1,4-linked polymer of glucosamine (2-amino-1-deoxy-β-ᴅ-glucose) and lesser amounts of N-acetylglucosamine. It is formed by the deacetylation of chitin, an abundant byproduct of the crab and shrimp processing industries. This natural biodegradable polymer has a great potential for a wide range of applications. It can be formed into fibers, films, gels, sponges, beads or nanoparticle [1] . Glycerol, sorbitol and poly(ethylene glycol) are commonly used as plasticizers for chitosan [2] . The interest in the use of glycerol is due to glycerol properties which reduces the intermolecular forces and increase the mobility of the biopolymer chains. It can also modify the mobility of water due to its ability to reduce the surface energy of aqueous solution [3] . Films containing only chitosan were reported not effective against some Gram-positive and Gram-negative bacteria [4] . The antimicrobial activity limits or prevents microbial growth by extending the lag period and reducing the growth rate or decrease live counts of microorganism [5] .
The objectives of this study were to determine the antimicrobial and physical characteristic of chitosan films prepared with acetic acid, citric acid and lactic acid as solvent; and glycerol as plasticizer. The similar studies have been conducted by Rhim et al. [6] , Begin and Calsteren [7] , and Park et al. [8] but none of them had tested antimicrobial activity against bacteria, yeast and fungi at the same time. The main goal was to produce chitosan films with a good antimicrobial properties, lower water vapour transmission rate, and good elasticity.
Materials and Method
Materials. Chitosan powder with 90.2% degree of deacetylation from Biotech Surindo (Indonesia), acetic acid, citric acid, lactic acid, glycerol, silica gel, calcium chloride, Nutrient Agar (NA), Nutrient Broth (NB), Potato Dextrose Agar (PDA), Potato Dextrose Broth (PDB), alcohol 70% and microbial culture which are Bacillus cereus, Eschericia coli, Staphylococcus aureus, Candida sp. and Penicillium sp.
Preparation of Film. Chitosan films were prepared by dispersing 1 g chitosan powder in 100 mL of 1% concentration acetic/citric/lactic acid while stirring on a magnetic stirrer. The solution was filtered to remove undissolved impurities using vacuum filter. After filtration, the solution was returned to the magnetic stirrer and plasticiser (10 % w/w of glycerol) was added in the solution and mixed until it fully dispersed for preparing plasticized film. Thus, there are 6 chitosan film types: CA (prepared with acetic acid), CAG (prepared with acetic acid + Glycerol), CC (prepared with citric acid), CCG (prepared with citric acid + glycerol), CL (prepared with lactic acid), CLG (prepared with lactic acid + glycerol). Petri dishes were cleaned and then the film solution was cast in the centre of each plate about half full and spread. The films were dried in oven at 60 °C for approximately 1 day before conditioning in desiccators containing silica gel (RH: 58%) prior to characterisation.
Water Vapour Transmission Rate (WVTR). WVTR was determined gravimetrically using the cup method based on the American Society for Testing and Materials No. E96-95 [9] . Film samples were mounted on the permeation cups (Fisher Scientific) to expose the coated face to the outside of the permeation cups filled with 50 g of calcium chloride. The area of the films was measured and the initial weight of the can was weighed and recorded. The weight loss of the cups was monitored by weighing every 24 hours for a period of 7 days. Slopes of the steady-state portion of weight loss versus time curves were determined by linear regression to estimate water vapour transmission rate using the equation,
Mechanical Test. Tensile strength and elongation percentage was measured by using the Tensile Strength and elongation Tester SSB Industries model 0500. Before the measurements, the film is conditioned in a desiccator with 58% RH for 3 days. The tensile strength is determined based on maximum load at the time of film rupture and elongation percentage is based on the elongation of the film when the film broke. Percent elongation is calculated by comparing the length of film at break and the length of the film before drawn by the appliance.
Antimicrobial Test. Antimicrobial test of chitosan films were measured using disc and well diffusion method. For disc diffusion test, 40µL test culture was inoculated into 40mL of NA medium. Subsequently, 20mL of NA medium containing test culture was poured into a Petri dish. The media was left to solidify, and then film with a diameter of 0.5 cm was placed on the media. For well diffusion test, the liquid NA medium was poured on Petri plates and allowed to solidify under laminar airflow chamber. A sterile swab was used to evenly distribute 1mL microbial culture over the agar surface. The plates were allowed to dry for 15 minutes before four wells of 0.5cm were made in the agar medium using a sterile cork borer. 50µl chitosan film solution was placed into each well. All the plates were then stored at 37°C incubator for 24 hours. A calliper was used to measure the inhibition zones.
Results and Discussion

Water vapour transmission rate of chitosan film
Chitosan films prepared with citric acid showed the lowest WVTR as seen in the Figure 1 . The solvent used to dissolve the chitosan powder are critical in water transmission. Chitosan possessing high cationic and being hydrophilic in nature, leads to higher interaction with water molecules,
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Material and Manufacturing Technology IV which increases the permeation of water vapor. The highest WVTR was obtained for unplasticized acetic acid film. High significant difference (P < 0.05) was shown for plasticized and unplasticized acetic acid and lactic acid chitosan films. Addition of glycerol can retain the moisture from the outside and reduces the value of WVTR. Figure 1 Water vapour transmission rate of chitosan films (Different letter above of bar indicates significant differences at P < 0.05 separated by Duncan's Multiple Range Test)
Mechanical properties of chitosan film
Depending on organic acids used to dissolve the chitosan powder, tensile strength of chitosan films varied widely ranging from 20.1 to 329.1 MPa (Figure 2 ). Among the acids used, acetic acid resulted in significantly (P < 0.05) highest tensile strength which agrees with that of Rhim et al. [6] , Begin and Calsteren [7] , Khan et al. [10] , and Park et al. [8] . According to Park et al. [8] , chitosan forms dimers in acetic acid solution, indicate that the intermolecular interaction is relatively strong, which leads to tighter structure than those prepared with other acid solutions. Percentage elongation of chitosan films correlated with the tensile strength of the films (Figure 3) . The chitosan films with acetic acid as solvent had the lowest percentage elongation. Addition of glycerol reduce the tensile strength of the film as found by Ziani et. al. [11] which stated that the presence of glycerol resulted in less resistant, more elastic and more permeable films. Disc and well diffusion method were used to compare the effectiveness of the antimicrobial activity of chitosan films. As presented in Figure 4 , chitosan films prepared with acetic acid have lower inhibition zone toward all tested pathogenic bacteria. However, they had inhibition activity against Candida sp. There is no inhibition by all film for Penicillium sp. Chitosan films made with citric acid exhibited prominent inhibitory effect on all three pathogenic bacteria. Citric acid is a polyprotic acid which it can lose more than one proton when dissolve in water. Due to their weak character, part of the organic acid molecules is in the undissociated form which can easily penetrate the microbial cell wall. The inhibitory effects of chitosan films prepared with citric acid were remarkably higher for Staphylococcus aureus as indicated by thicker inhibition zones accounting for more than 50 mm. This can be attributable to complete solubility of chitosan which could make them more reactive against bacterial cells. Figure 5 Well diffusion method (Different letter above of bar indicates significant differences at P < 0.05 separated by Duncan's Multiple Range Test).
Figure 4 Disc diffusion method
For well diffusion method ( Figure 5 ), Staphylococcus aureus was highly inhibited by the films solution. Solutions of chitosan with acetic acid as solvent inhibit the growth of all five microorganisms. When compared between well and disc diffusion method, it was found that the both method were effective for inhabitation test against pathogenic bacteria. However, for inhabitation test against yeast and mould well diffusion method was more appropriate than disc method.
Conclusion
The characteristics of chitosan films were affected by the types of organic acids used as solvent and the presence of glycerol as plasticizer. Plasticized chitosan films are more hydrophilic, sticky, and difficult to handle especially for citric acid and lactic acid chitosan films. However, the presence of glycerol in the films could decrease WVTR and improve elasticity. In general, chitosan films were more effective against bacteria than yeast and mould. Chitosan films prepared with citric acid had highest bacteriostatic activity but no activity against yeast and mould. In the contrary, chitosan films prepared with acetic acid had a low inhabitation activity against bacteria but they were also active against yeast and mould. These results offer important solution in using chitosan as food preservative agent. When bacteria is more important factor on food product preservation than yeast and mould we should chose citric acid as chitosan solvent. When all microorganisms are important factor on food product preservation we should use acetic acid as solvent.
